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ABSTRACT 

In the present  studies the role of the autonomic nervous system 

Ganglionic blockade 

Beta adrenergic  blockade resulted in sirnilar decreases  

in  c i rculatory control in  young chimpanzees w a s  evaluated t,hrough 
the iiae of selected autonomic blocking agents. 
resulted in dec reases  in  cardiac output, hear t  r a t e  and a r t e r i a l  
p re s su re .  
in cardiac output and hear t  rate, while a r t e r i a l  p re s su re  w a s  
unchanged. 
p re s su re  and per ipheral  resistance.  
output showed no consistent change following alpha adrenergic  blockade. 

Alpha adrenergic  blockade caused a decrease in a r t e r i a l  
Heart  ra te  rose  and cardiac 

These changes following autonomic o r  adrenergic  blockade 
indicate that a significant amount of sympathetic -adrenergic stimulation 
of the circulation is present  in the young restin(< chimpanzee. 
compared to data obtained i n  res t ing humans, qualitativc.ly s imi la r  
changes are found for  cardiac output and a r t e r i a l  p ressure .  
degree of adrcncrq i r  stimulation i s  greater. in the chimpinzet-. 
response of hcbart r * a  tes to jiaiiglioiiic blockade indicates tha t  the  
parasympathetii(b system plays the dominant role in hcnrt r2tc r o n l  rol  
in man, while the sympathetic system prcbvnils i n  the. ch i  rnpa n z c c ,  
These findings suggest that s imi la r  data for other  spec ies  would l )p  

most valuable in  the a r e a  of comparativc physiology. a n d  shotild bcb  
considered in  studies where var.ious species  a r e  used 3s biological 
analogs of the human. 

\$%en 

The 
The 

During ganglionic and alpha adrenergic  blockade the chimpanzee 
showed a markedly increased tolerance to the circulatory effects of 
90 degree head-up tilt when compared to  the human. 
adequate fo r  ce reb ra l  perfusion were maintained for  periods of 
head-up tilt lasting a s  long a s  30 minutes. 
in the chimpanzee a n  effective autoregulatory mechanism for control 
of a r t e r i a l  res is tance exists,  independent of the autonomic o r  
adrenergic  sys tems.  

Ar te r ia l  p r e s s u r e s  

These  data s u g g e s t  that  

i i i  
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I. INTRODUCTION 

j .  
il 

Previous studies have demonstrated that young chimpanzees have 
significantly increased hear t  ra tes ,  cardiac outputs and systemic 
a r t e r i a l  p r e s s u r e s  when compared to humans of the same age and 
weight, 
t o  the effects of the ver t ical  posture and gravity (1). 
suggested the hypothesis that the chimpanzee is a species  with 
relatively high sympathetic-adrenergic activity. 
were designed to  yield data relative to  this  hypothesis. 
of observations on the circulatory effects of pharmacologic blockade 
of specific autonomic or adrenergic  components. 

In addition, they demonstrate a g rea t e r  circulatory tolerance 
These findings 

The present  studies 
They consist 

11. SUMMARY 

The role of the autonomic nervous sys tem in circulatory control 
in young rest ing chimpanzees was  evaluated through the use of selected 
aut oriomic bloc king agents . 

1. Ganglionic blockade with tr imethaphan induced dec reases  in 
hea r t  r a t e  of 22 percent ,  in card iac  output of 35 percent and in mean 
a r t e r i a l  p r e s s u r e  of 33 percent.  

2 .  Beta adrenergic  blockade with nethalide decreased hear t  r a t e  
22  percent  and cardiac output 2 5  percent ,  while mean a r t e r i a l  p r e s -  
s u r e  w a s  unchanged. 

3 .  Alpha adrenergic  blockade with phentolamine o r  phenoxy- 
benzamine decreased mean a r t e r i a l  p r e s s u r e  26 percent ,  while 
hear t  rate rose 16 percent to 23 percent.  
no consistent change. 

Cardiac output showed 

4 .  Atropine caused an increase  in  hear t  ra te ,  without significant 
change in cardiac output o r  a r t e r i a l  p re s su re .  

5. During ninety degree head-up tilt during ganglionic o r  alpha 
adrenergic  blockade the animals were  able to  maintain a r t e r i a l  p r e s s u r e s  
adequate fo r  ce reb ra l  perfusion for  periods as long a s  30 minutes.  

These data indicate that a significant amount of sympathetic- 
adrenergic  stimulation of the circulation is present  in the young rest ing 
chimpanzee. Comparison with data obtained in  res t ing humans following 

- 1 -  
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111. 

autonomic blocking agents shows qualitatively similar c i rculatory 
changes. However, the amount of adrenerg ic  activity is somewhat 
g r e a t e r  in the chimpanzee. 
a r e a  of comparative physiology. 
data in  other species  that may be used as biological analogs of the 
human. 

These findings are of in te res t  in the 
They suggest the need for  s imi l a r  

The ability of the chimpanzee to  maintain ce reb ra l  perfusion 
during head-up tilt following ganglionic o r  alpha adrenerg ic  blockade 
indicates an  effective autoregulatory mechanism exis t s  for  per i -  
pheral  a r t e r i a l  res is tance,  independent of the autonomic o r  adrenergic  
sys tems.  
that this  control mechanism i;; not as effective o r  appar,ent in  m;:n 
during head-up tilt.  

Comparison of these studies with data fo r  humans suggests 

METHODS 

I i 

Hemodynamic observations were made in young chimpanzees 
( P a n  species)  f rom the pr imate  colony at  the 6571st Aeromedical 
Research  Laboratory a t  Holloman A i r  Fo rce  Base.  
ages  of the animals were from 36 to  7 2  months and the i r  weights 
ranged f rom 12. 5 to 2 7  kg. 
hour fas t  and with no premedication. 
a specially designed res t ra in t  cha i r  and secured a t  the neck, wr is t s ,  
hips and ankles. Animals were positioned in  a horizontal plane with 
the hips and knees flexed to  90 degrees .  A thin polyethylene 
catheter  (i. d. = 0. 2 3  in. x 0 .d .  = 0 .  38 i n . ,  o r  i. d. = 0 .  034 i n ,  x 
0. d. = 0.  050 in. ) w a s  passed through an  18 or  15 g. thin-wall needle 
which had been positioned in  an antecubital vein. The catheter  w a s  
advanced with p re s su re  monitoring into the infer ior  vena cava, the 
right a t r ium;  and, in  most  animals,  into the right ventricle and 
pulmonary a r t e r i e s .  Pressure measurements  w e r e  obtained i n  all 
these chambers  and the catheter  w a s  withdrawn to  the right a t r ium 
where it remained fo r  the r e s t  of the study. 
thin-wall Cournand needle w a s  then introduced into a brachial  a r t e r y .  
Pressure measurements  were made using a Statham P23Db t ransducer  
placed midway between the an ter ior  and pos te r ior  sur faces  of the 
chest  a t  the level of the fifth intercostal  space.  
were obtained by electronic  integration. P r e s s u r e s  w e r e  recorded 
only a f t e r  catheters  were  adequately flushed and shown to  be patent 
by withdrawal of blood. 

The estimated 

Studies were performed following an  8 
The animals  were seated i n  

A number 18 or 20 g.  

The mean p r e s s u r e s  

8 
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Cardiac output was determined by the indicator diluation technique 
utilizing Indocyanine green with injections into the right a t r ium and 
sampling f r o m  the brachial  a r te ry .  Arterial blood w a s  drawn through 
a cuvette densitometer by means of a constant withdrawal syringe 
(Gilford Co. ). Cardiac outputs were calculated by the Hamilton tech- 
nique. A standard lead I1 of the electrocardiogram was recorded 
throughout. The output of the electrocardiogram channel w a s  fed into 
a tachometer which permitted hear t  r a t e  to be monitored continuously. 
Stroke volume was calculated by dividing hear t  r a t e  into cardiac output. 
Per iphera l  res is tance was calculated by dividing cardiac output into the 
mean a r t e r i a l  blood pressure .  

Observations were made only when the animals were calm, since 
psychomotor a rousa l  has  been shown to  resul t  in a hyperdynamic 
circulatory state (1). 
by the presence of tachycardia and variations in  a r t e r i a l  p ressure ,  a s  
well as the more  obvious signs of body movement and vocalization. 
During many of the observations the a n i m a l s  appeared to be sleeping in  
the quiet, dimly l i t  room. Another factor which has  been shown to 
influence the reliability of hemodynamic measurements  is the l o s s  of 
blood result ing from repeated cardiac output measurements  (1). Each 
cardiac output determination resu l t s  in a l o s s  of 10 to  15 ml. of blood, 
O u r  data have shown that this exe r t s  no appreciable effect upon the 
circulation in  animals  weighing 12 to 20 kg., until the blood loss  exceeds 
100 ml. Therefore  all observations reported a r e  those made before this 
amount of blood had been withdrawn. 

The aroused psychomotor state could be detected 

The drugs studied included trimethaphan camphorsulfonate, nethalide 
2 (pronetholol) ’, phenoxybenzamine , and phentolamine. Trirnethaphan, 

a potent ganglionic blocking agent, w a s  given by a continuous intravenous 
infusion at r a t e s  of 2 to  3 mg. p e r  minute (2 ,  3 ) .  
adrenergic  blocking agent, w a s  given in  doses  of 5 mg. /kg. a s  a single 
intravenous injection (4). 
blocking agent, w a s  given as a single dose of 1 mg. /kg. intravenously (5). 
Phentolamine, another alpha adrenergic  blocking agent was given as a 
continuous intravenous infusion a t  a r a t e  of 1 mg. p e r  minute. 
severa l  animals  were given atropine in  o r d e r  to  evaluate the role of the 
parasympathetic system. One o r  more control observations of cardiac 
output, hear t  ra te ,  and right a t r i a l  and brachial  a r t e r y  p r e s s u r e s  were 
made. 
to  reach  a steady state.  The hemodynamic observations were then re- 
peated. 
the administration of norepinephrine in  those an imals  undergoing 

Nethalide, a beta-  

Phenoxybenzamine, a n  alpha adrenergic  

In addition, 

Drug administration w a s  begun and time permitted fo r  the animals  

The completeness of blockade w a s  a s ses sed  by the response to 

Kindly supplied by Alex Sahagian-Edwards, M.  D.  of Ayer s t  Laboratories 
Kindly supplied a s  Dibenzyline by H .  C. Carlson, J r . ,  M . D .  and G .  June 
Oswald of Smith Kline and French  Laborator ies .  

2 
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alpha blockade, and to isoproterenol in those animals  undergoing 
beta blockade. 

IV.  RESULTS 

1. Ganglionic Blockade 

The effects of ganglionic blockade a r e  summar ized  in  Table I 
and Figure  1. 
of 2 2  percent in cardiac output of 35 percent and in mean a r t e r i a l  
p re s su re  of 33 percent;  while per ipheral  res is tance and right a t r ia l  
p r e s  su re  showed no consistent change. 

Trimethaphan infusion induced dec reases  in hear t  ra te  

2 .  Beta Adrenergic Blockade 

The effects of the administration of nethalide are summarized 
in  Table I1 and Figure 2 .  
22 percent and cardiac output 2 5  percent;  whereas mean a r t e r i a l  
p re s su re  w a s  not significantly affected,  and per ipheral  res is tance 
tended to increase somewhat. Right a t r i a l  p re s su re  rose  slightly. 
Nethalide, i n  the doses  used,  blocked the hear t  ra te  and card iac '  
output response to 2 to 4 ug/min.  of isoproterenol,  o r  5 to 2 4  
ug /min .  of epinephrine. 

Following nethalidetheart ra te  decreased 

3 .  AlDha Adrenergic Blockade 

e 

The cardiovascular responses  to phenoxybenzamine a r e  s u m -  
mar ized  in  Table 111. 
was a variable response in  cardiac output. Heart  ra te  rose  a n  
average of 16 percent. 
26 percent ,  while per ipheral  res is tance fell  19 percent .  Right 
a t r i a l  p re s su re  was not significantly changed. 
abolished the pressor  response to norepinephrine in doses of 12 
to 20 ug/min.  

With the blockade induced by this agent, there  

Mean a r t e r i a l  p re s su re  fe l l  a n  average of 

Phenoxybenzamine 

In Table I V  a r e  shown the cardiovascular  responses  to the alpha 
adrenerg ic  blocking agent, phentolamine. The cardiac output showed 
a var iable  response, so that the mean card iac  output was unchanged. 
Hear t  rate increased 23 percent.  
per ipheral  a r t e r i a l  res is tance w e r e  decreased 26 percent each. 

Mean a r t e r i a l  p re s su re  and 

The tachycardia seen in response to the two alpha adrenergic  
blocking agents w a s  reduced o r  eliminated by beta-adrenergic  blockade 
in three  animals.  
atropinization in doses  of 1 mgm.  i . v .  

It was present  in two of three animals  a f te r  

-4 -  
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4. Parasympathetic Blockade 

'\- 

e 

t 

Three animals  received atropine intravenously in a single dose 
of 1 mgm. 
beats  p e r  minute. 
p re s su re .  

This  agent caused an  increase  in hear t  ra te  of 27  to 50 
There was no change in cardiac output o r  a r t e r i a l  

5. Response to  Head-up Tilt During Autonomic and 
Adrenergic Blockade 

In Figure 3 the response of three chimpanzees to 90 degree 
head-up tilt during ganglionic blockade is i l lustrated.  These animals  
were able to  maintain the i r  a r t e r i a l  p re s su re  despite la rge  decreases  
in cardiac output. 
fainting was seen  even af te r  periods of t i l t  lasting a s  long a s  30 minutes. 

No tendency toward severe  hypotension or 

The response of eight animals t o  90 degree head-up tilt during 
alpha adrenergic  blockade with phentolamine or  phenoxybenzamine is 
summarized in Table V .  
cent and a decrease  in mean a r t e r i a l  p re s su re  of 17 percent .  
ipheral  res is tance rose  significantly despite the presence of alpha 
adrenergic  blockade. There was l i t t le o r  no change in hear t  ra te .  
No tendency toward fainting was seen a f te r  tilting for  periods a s  
long a s  20 to 30 minutes during alpha adrenergic  blockade. 

There w a s  a fall in cardiac output of 32 pe r -  
P e r -  

V.  DISCUSSION 

Trimethaphan inhibits nerve t ransmission through autonomic 
ganglia. Thus, in an imals  receiving this drug, physiologic activation 
of the sympathetic and parasympathetic neuro-e ffe c t o r  me chanisms 
cannot occur .  Indeed, the hear t  and systemic resis tance vesse l s  a r e  
f reed f rom sympatho-adrenergic and vagal control ( 2 ,  6). In the 
chimpanzee trimethaphan administration resulted in significant de - 
crease in  cardiac output, heart  r a t e  and a r t e r i a l  p re s su re ,  reflecting 
the high degree of autonomic activity present  under the conditions of 
this  study. However, these observations on the effects of trimethaphan 
do not delineate the specific autonomic components responsible for  the 
observed circulatory effects.  Fu r the r ,  uncertainty ex is t s  regarding 
the ability of ganglionic blocking agents to  inhibit the compensatory 
re lease  of catecholamines from the adrenal  medulla, Such a re lease  
could occur  as a response to seve re  hypotension (7) .  In view of these 
considerations our  observations were extended to include the study of 
agents which block more  specifically the adrenergic  cardioactive o r  
vasoactive influence s . 

-11- 
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Two "receptor si tes ' :  designated alpha and beta,  fo r  the action 
of catecholamines have been postulated. Stimulation of the beta 
receptors  by catecholamines r e su l t s  i n  card iac  accelerat ion and in- 
c reased  force  of contraction accompanied by a r t e r i a l  dilatation, 
Stimulation of the alpha type receptors  causes  per iphera l  vasocon- 
s t r ic t ion without direct  action on the hear t  (8). The drug nethalide 
blocks beta receptors  without blocking the alpha receptors .  When 
this  agent was given to the chimpanzee a fall in cardiac output and 
hear t  rate quite s imi l a r  t o  that induced by ganglionic blockade re- 
sulted. However, blood p r e s s u r e  did not change significantly and 
per ipheral  res is tance tended to  rise. 
presence of a high level  of beta adrenergic  stimulation of the hear t  
in the chimpanzee, when studied under the conditions of this  experi-  
ment. 

These data confirm the 

The alpha receptors  may be blocked by the agents phentolamine 
phenoxybenzamine without an  affect upon beta receptors  (5).  
our  studies,  such blockade resulted in no consistent change i n  cardiac 
output, while the blood p res su re  fell quite markedly.  The elevated 
hea r t  rate which occurred in these animals  may be a reflex cardio-  
acce lera tor  response to  the fall in per ipheral  res i s tance  o r  could be 
due to  the action of catecholamines which are  released from the 
adrenerg ic  nerve endings (9, 10). 
gated by giving nethalide o r  propranolol to  th ree  animals  during 
alpha adrenergic  blockade. 
combination with alpha blockade resulted in a decrease  in the hear t  
rate response,  This suggests that the tachycardia may have been 
induced by compensatory catecholamine r e l ease  o r  sympathetic beta 
receptor  stimulation of the hear t .  
to  alpha adrenergic blockade pers is ted in two out of three animals  
who had received atropine, indicating this  is probably not a para.- 
sympatholytic -mediated tachycardia . 

In 

The l a t t e r  possibility was investi-  

The induction of beta blockade in  

The cardioaccelerator  response 

The action of these blocking agents (ganglionic, alpha adrenergic  
and beta adrenergic)  would indicate that a significant amount of sym-  
pathetic-adrenergic stimulation of the circulation is present  in this  
spec ies  at rest, Although atropine caused a relative tachycardia, the 
response to  ganglionic blockade w a s  a decrease  i n  hear t  ra te ,  con- 
f i rming the predominance of sympathetic activity. The data were not 
obtained in obviously aroused ani mal.^, and g rea t  c a r e  w a s  taken to 
maintain them in a quiescent state.  
t o  be sleeping a t  the t ime of observations. 
interpreted as reflecting the lInatural" o r  t ruly "basal" state of the 
animals,  the evidence fo r  adrenergic  activity is unequivocal. 

Indeed, the subjects  often appeared 
While these data cannot be 

J 
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Data a re  lacking regarding the level of adrenergic ,  circulatory 
Certain stimulation present  in most  other species  except man. 

cont ras t s  and s imi la r i t i es  between man and chimpanzee a r e  note- 
worthy in  this  regard.  In normal man ganglionic blockade causes  
a n  increase in hear t  ra te  with l i t t le decrease  in cardiac output (11, 
12). Blood p r e s s u r e  falls in  both species .  These observations 
suggest that the parasympathetic sys tem is dominant in hear t  r a t e  
control in res t ing man while the sympathetic system prevai ls  in 
the chimpanzee. The difference in effect of ganglionic blockade on 
card iac  output may be related to  varying degrees  of venous pooling 
in  the two species as well as to  differing levels  of sympathetic 
activity. Recent data show a qualitatively s imi l a r  response to  beta 
adrenergic  blockade in man when compared to the data fo r  the 
chimpanzee reported he re  (13). 
cardiac output falls and a r t e r i a l  p re s su re  is unchanged. The degree 
of change in hear t  ra te  and cardiac output is g rea t e r  in the chimpan- 
zee.  The effects of alpha adrenergic  blockade are a l so  qualitatively 
s imi la r  in the two species,  with a l a r g e r  relative decrease  in 
a r t e r i a l  p re s su re  in  the chimpanzee. Thus, it would appear  that 
sympathetic-adrenergic activity plays an  active role in control of 
the rest ing circulation in both man and chimpanzee; the level of such 
activity being clear ly  grea te r  in the lower o r d e r  pr imate .  

In both species  hear t  rate slaws, 

Since pr imates  and other species  have been proposed as suitable 
biological analogues fo r  the circulation of the human, data relative to 

conclusions can  be drawn f rom such studies.  Such s tudies  would a l s o  
be of value in  the a r e a  of comparative physiology. Slow o r  fast  hear t  
r a t e s  seem to  be typical of certain phylogenetic groups (14). 
adrenergic  receptor  sys tem could be the determinant of these charac-  
t e r i s t i c s ,  
ting this  hypothesis. 

basal l ' levels  of adrenergic  activity are  needed before appropriate I I  

The 

Studies s imi l a r  to the present  one would yield data illumina- 

During ganglionic and alpha adrenergic  blockade the chimpanzee 
was  able to maintain p re s su res  adequate for  ce reb ra l  perfusion f o r  
per iods of ninety degree t i l t  lasting as long as 20 to  30 minutes, 
despite a marked decrease  in  cardiac output. 
studied during per iods of apparent muscular  inactivity so that exertion 
did not s eem to  contribute to the preservat ion of a r t e r i a l  p r e s s u r e .  
Such manuvers with human subjects during ganglionic o r  alpha receptor  
blockade would resul t  in a rapid fall in a r t e r i a l  p r e s s u r e  and syncope 
(15, 16). These data suggest an  autoregulatory mechanism for  control 
of arterial resistance i n  this  spec ies  independent of the autonomic o r  
adrenergic  sys t ems ,  
in  this  species  might lend further insight into sys t ems  of c i rculatory 
cont r 01, 

The animals  were  

Future s tudies  of this  non-adrene rgic  mechanism 
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